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Abstract
In critical illness, septic shock is a contributing factor in
nearly half of all cases of acute kidney injury (AKI).
Traditional approaches to prevention of organ
dysfunction in early sepsis have focused on prevention
of hypoperfusion by optimisation of systemic
haemodynamics, primarily by fluid resuscitation. Fluid
administration to a target central venous pressure
(CVP) of 8 to 12 mmHg (12 to 15 mmHg in
mechanically ventilated patients) is currently
recommended for the early resuscitation of septic
shock. However, in the previous issue of Critical Care,
Legrand and colleagues report that higher CVP in the
first 24 hours of ICU admission with septic shock was
associated with increased risk for development or
persistence of AKI over the next 5 days. This study
highlights a potential association between venous
congestion and the development of septic AKI,
suggesting that CVP-targeted fluid resuscitation in
septic shock might not be beneficial for renal function.
Septic shock is consistently the most common causative
factor identified for acute kidney injury (AKI) in critical
illness, and has been associated with nearly 50% of cases
internationally. Despite advances in our understanding
of the pathophysiology of septic AKI, treatment aimed at
reversing or preventing septic AKI remains primarily
based on supportive haemodynamic management. In the
previous issue of Critical Care, Legrand and colleagues
examine the association between haemodynamic targets
of resuscitation (cardiac output, mean or diastolic blood
pressure, central venous pressure (CVP) and central ven-
ous oxygen saturation) and development or persistence
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of AKI in a single centre study of patients with septic
shock admitted to a surgical ICU [1].
The authors found that only higher CVP and low dia-
stolic blood pressure were associated with increased risk
of development of new AKI, or persistence of renal dys-
function present at ICU admission. In these patients
new or persistent AKI was significantly associated with
increased risk of death in hospital. Importantly, the asso-
ciation between CVP and AKI remained when poten-
tially confounding effects of positive fluid balance and
higher positive end-expiratory pressure were accounted
for in a multivariable analysis. So, a 5 mmHg increase in
CVP predicted 2.7-fold odds of new or persistent AKI.
Furthermore, when the association between different
levels of mean CVP and AKI was examined in a non-
parametric logistic regression, there was a trend for
higher CVP to be associated with worse renal outcome
for all levels of CVP from 4 mmHg upward, so that a
CVP of 15 mmHg was associated with an approximately
80% risk of new or persistent AKI, compared to approxi-
mately 30% at a CVP of 6 mmHg.
These findings are important because current sur-
viving sepsis campaign guidelines recommend fluid
resuscitation of patients with sepsis-induced tissue hypo-
perfusion to target a CVP of 8 to 12 mmHg (or 12 to
15 mmHg in mechanically ventilated patients) within 6
hours of presentation [2]. In patients with sepsis-
induced hypotension the rationale for CVP targeted fluid
resuscitation is to ensure ‘adequate’ cardiac preload and
hence maintain cardiac output and organ perfusion.
However, absolute levels or changes in CVP poorly
predict cardiovascular response as sepsis-induced
hypotension is multi-factorial, related to changes in
myocardial performance, vascular tone, regional blood
flow distribution, venous reservoir capacity and capillary
permeability. In contrast, elevated CVP will cause a dir-
ect and predictable increase of renal venous pressure
that, experimentally, has been associated with elevated
renal interstitial and intra-tubular pressure [3]. Resultant
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renal venous congestion can reduce renal blood flow
(lower trans-renal pressure gradient) and decrease the
pressure gradient for ultrafiltration (higher intra-tubular
pressure). In septic shock, fluid therapy will only effect-
ively reverse any contribution of hypovolaemia to sys-
temic hypotension. Aggressive fluid resuscitation beyond
reversal of hypovolaemia to arbitrary CVP targets could
result in increased venous congestion without substan-
tial benefit to forward renal perfusion, thus predisposing
to renal dysfunction.
The association between elevated CVP and renal dys-
function has been made previously in the setting of
chronic cardiac failure [4]. Now Legrand and colleagues
have provided evidence that such an association is ob-
served in septic shock and its treatment. Their findings
are also in accord with secondary analysis of the Vaso-
pressin in Septic Shock Trial [5], which reported that a
more positive fluid balance and elevated CVP were asso-
ciated with increased mortality in patients with septic
shock even when accounting for differences in baseline
illness severity and demographics.
Although these observational findings are hypothesis-
generating rather than confirmatory, they add weight to
the literature suggesting the adverse effects of fluid over-
load in critical illness and AKI in particular [6], effects
that may be mediated in part by venous congestion caus-
ing impaired organ function. It is now important to de-
termine whether uncritical pursuit of CVP targets such
as those advocated by the surviving sepsis campaign
might, in some patients, add insult to sepsis-induced
organ injury. Prospective data are required to evaluate
the true contribution of raised venous pressure to renal
and other organ dysfunction and to determine better
endpoints for fluid resuscitation in sepsis.
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